We investigated the influence of age of exposure to a specific forage on its consumption by young sheep both during and after that exposure. Prior exposure to the shrub Cercocarpus moltfanus enhanced subsequent consumption (P I .05) of that shrub by lambs and yearlings during two experiments in consecutive years. Effects of prior exposure persisted as long as 9 mo without intervening exposure. Age of exposure influenced consumption in lambs both during the period of exposure (PS .OO01) and during feeding trials following exposure (P I .M) in Exp. 1. Lambs exposed at 1 to 5 wk of age, when they are nonruminant and normally are dependent on the dam, browsed less of the time while at the shrub (P I .02) and consumed less of the shrub (P 5 .02) at a slower rate (P 5 .03) than did lambs exposed et older ages. Lambs exposed at 4 to 8 wk of age, a period corresponding to the transition from nonruminant to ruminant digestion, consumed more shrub following exposure than did lambs exposed at younger or older ages (P 5 .05, unprotected least significant differences test). In Exp. 2, which compared naive yearlings with the experienced yearlings exposed as lambs in Exp. 1 the previous year, age of exposure did not influence consumption by yearling sheep following exposure; however, the number of months that had elapsed from the period of exposure varied from 0 to 13 among experimental groups and may have confounded results. Learning of forages appeared poor among nonruminant lambs; data were inconclusive concerning the efficiency of learning of lambs in the transition to ruminant digestion.
Introduction
Early life appears to be an important period for the development of dietary habits in ruminants (Provenza and Balph, 1987, 1988) .
Young lambs (Ovis aries) with experience with particular forage species, pasture conditions or harvesting requirements subsequently will have greater forage intake than lambs SQUIBB periods during early life, an approach that has been used to detect sensitive periods in other species (Denenberg, 1962) . We evaluated the feeding response of the sheep to the forage shrub Cercocarpus muntanus, true mountain mahogany. C. munrunus is common in the Intermountain West and is considered palatable to most browsing ruminants (Plummer, 1968) . We used orphaned lambs and thus did not address the role of the dam as a social model in the transmission of dietary habits even though social madeling is very important in the learning of foods by sheep (Chapple and Lynch, 1986; Chapple et al., 1987a,b; Thorhallsdottir, 1988 ).
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Orphaned lambs born at the U.S. Sheep Exp. Sta. (USSES). Dubois, Idaho in 1985 to Targhee or Rambouillet dams x Finnish Landrace sires were used in both experiments.
We restricted lambs to a diet of alfalfa pellets following weaning from liquid milk replacer at 5 wk of age and a brief transition on higher protein feeds. Lambs were kept on concrete floors or on ground cleared of vegetation. Thus, the shrub C. montanus offered during experiments was the only natural forage in their diet. Squibb (1988) provided details of animal management.
Experiment I ( I 985)
Design. Lambs were exposed to the shrub continuously for 2 8 d periods in four different treatments by age: 1 to 5, 4 to 8, 8 to 12 and 17 to 21 wk of age. Each treatment contained six replicates of three lambs each. The first three treatments corresponded roughly to the developmental stages of ruminant digestion described by Oh et al. (1972) : 0 to 3 wk, nonruminant; 3 to 8 wk, transition; and beyond 8 wk, ruminant.
After exposure at the first three ages, we evaluated consumption of shrub in three series of feeding trials during which the still-naive 17 to 21 wk group served as a control against the previously exposed groups. The first pen trials measured consumption in the home pens by the lambs on about the same calendar date. The memory pen trials measured consumption in home pens after about the same number of days had elapsed from the end of the 4-wk period of exposure for each treatment. The pasture trials followed and measured consumption in a novel environment, a small monoculture of the shrub.
After these trials, we exposed the 17 to 21 wk trearment to the shrub. Then the last pen trials compared consumption in home pens among all treatments (Table 1) . In all trials, C.
muwanus was the only food available.
Procedures. Neonatal lambs were trained on artificial nipples before starting the experiment at 1 wk. During exposure, lambs had continuous access in their home pens to a live C. mnfunus shrub in an 8-liter container in addition to their staple diet of alfalfa pellets. We replaced the shrub every 2 d. Visual baniers prevented lambs of any replicate from seeing the lambs in nearby pens when the latter were present at their shrubs during exposure or feeding trials. We assigned lambs randomly to replicates and replicates to pens.
Exposure of the 1 to 5 and 4 to 8 wk groups occurred at the USSES; exposure of the later groups was at the Green Canyon Ecology Center (GCEC), Utah State University.
An observer collected data on attendance at and consumption of the shrub during exposure. Immediately after placing fresh shrubs into the All these trials to test the feeding response subsequent to exposure occurred at the time of the usual mid-morning feeding of alfalfa pellets; lambs had fasted overnight after receiving half-rations the previous night. Rates of consumption should be highest when sheep are given small meals after long fasts (Graham, 1964) . Observers counted the leaves on each shrub before and after a trial, and the number of fallen leaves.
Experiment 2 (1986)
Design and Procedures. Table 1) . Analyses of Data. We used nonparametric tests based on ranking for analysis of those variables involving visual estimates of defoliation (i.e., time to defoliation and percentage of defoliation); the overall analyses were Jonckheere's ordered alternatives procedure (Hollan&r and Wolfe, 1973) and a two-way layout after Bradley (1968) , with Wilcoxon Rank Sum tests (Hollander and Wolfe, 1973) for pairwise comparisons. All other analyses were one-way analyses of variance or covariance; pairwise comparisons were by least significant differences (LSD) with the exception of the variable (mouthing and browsing)/(attending lamb), for which we used randomization tests of location (Green, 1977) .
Results
Consumplion During Exposure
We have combined observations on the development of browsing during exposure from Exp. 1 and 2. 'Based on Bradley (1968) . Analysis was by rank of the time to 90% defoliation because times >95 min were not observed.
9wenty scan samples at 5-min intervals.
'Ranks that have no common superscript letter differ (P 5.03; Wilcoxon Rank Sum tests. Hollander and Wolfe, 1973) in time to defoliation. Standard summary slatistics are not available for all groups because times>95 min were not observed.
Time lo Defoliation. A two-way nonparametric analysis of the time to defoliation vs the age exposed and the day of exposure resulted in the age exposed being the only significant factor. The 1 to 5 wk lambs took significantly longer to defoliate the shrub than did all other groups ( Table 2 ). Replicates of the 1 to 5 wk group tended not to defoliate the shrub during their first 95 min of access, the full time period when scan samples were taken. In each subsequent test period, lambs tended to defoliate their shrubs progressively more rapidly.
Percenfage of Defoliation. Percentage of defoliation of the shrub after 2 d access by the sheep was positively correlated with the age at which the sheep were exposed. A one-way, nonparametric test of percentage of defoliation vs age exposed using Jonckheere's ordered alternatives procedure (Hollander and Wolfe, 1973) resulted in rejection of the null hypothesis of equal defoliation among groups (P < .001) in favor of the alternative that percentage of defoliation was ordered from least to greatest according to age exposed. Further, the age exposed, the day of exposure, and their interaction were significant factors in a twoway nonparametric analysis (Table 3 ). The 
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'Based on Bradley (1968) . Analysis was by rank because 1) data are bounded with a large proponion of observations near bRanks that have no common superscript letter differ (P 5 .a, Wilcoxon Rank Sum, Hollander and Wolfe, 1973) in the boundary and 2) visual estimates are inexact.
percentage of defoliation. significance of the day of exposure and of the interaction resulted from the 1 to 5 wk lambs increasing defoliation during their 4-wk exposure. These lambs did not noticeably defoliate the shrubs during their 1st wk of exposure but defoliation by the 4th wk was similar to that of later exposed treatments (Figure 1 ). Painvise comparisons identified several significant differences; the most dramatic difference was between the 1 to 5 wk lambs and all older groups (Table 3) .
Mouthing + Browsing)/(Attending Lamb).
This variable (MB/AL) estimated the probability of mouthing and browsing given that a sheep was present at the shrub. We combined these two behavioral patterns for analysis because the observer had difficulty distinguishing them. The age of exposure was highly significant in a one-way analysis of variance of MB/AL vs age of exposure. Pairwise comparisons revealed that the 1 to 5 wk lambs browsed significantly less of the time when at the shrub than did all other groups. Age of exposure was positively correlated with MB/ AL, but again the most dramatic difference was between the 1 to 5 wk group and all other group (Table 4) .
Consumption Subsequent to Exposure
Feeding Trials (Exp. 1 ). . The age exposed was an important factor in the results of the feeding mals of Exp. 1. The number of leaves consumed per lamb differed significantly among lambs exposed to the shrub at different ages in the first pen, the memory pen and the pasture m a l s (Le., those trials preceding exposure of the 17 to 21 wk group). The first pen and memory pen mals tested consumption by the lambs, respectively, on the same calendar date and after the same number of days had elapsed since the end of the 4 wk exposure. The mean number of days passed equaled 49.2, 34.5 and 15.5 for the 1 to 5, 4 to 8, and 8 to 12 wk groups, respectively, at the date of their first pen trials; those means were 49.2, 48.5 and 50.7, respectively, for the memory pen mals. Nevertheless, results from the first pen and memory pen m a l s were similar. During mals the naive 17 to 21 wk group consumed significantly fewer leaves than did any other group, and the 1 to 5 wk group consumed significantly fewer leaves than did the 4 to 8 wk group (Table 5 ). In the pasture trials, consumption of leaves by the naive 17 to 21 wk group was significantly lower than that by the 4 to 8 and 8 to 12 wk groups, but their intake did not differ significantly from that of the 1 to 5 wk group (Table  5 ). The number of leaves consumed per lamb differed (P 1.07) among treatments in the last pen mals. In painvise comparisons unprotected by the traditional overall P-value of .05, the 1 to 5 and 17 to 21 wk groups consumed significantly fewer leaves than did the 4 to 8 wk group (Table 5) .
No factors tested were significant as concomitant variables in analyses of covariance. Factors tested were mass of the lamb, breed of the lamb, mass of alfalfa pellets consumed during 10 min of free access, attendance at the shrub during exposure, the order that replicates were tested within a day of trials, and number of days lambs scoured during exposure. Test of 30 10 aN = 6. Means (leaves consumed/lamb) that have no common superscript letter differ (P 5.05, pairwise least significant differences test).
%or 1 to 5 wk and 17 to 21 wk treatments. memory pen and first pen refer to the same trials; 4 to 8 wk treatment memory pen trials were July 30 to 31; 8 to 12 wk treatment memory pen were August 22 to 23. Note that the 4 to 8 wk treatment memory pen trials preceded, and h e 8 to 12 wk treatment memory pen trials succeeded, the pasture trials; thus, the lambs of the 8 to 12 wk treatment had an additional and recent exposure to the shrub. ' For last pen mals, painvise comparisons are unprotected because overall main effect was P = .07. this last factor demonstrated no effect of disease during exposure on subsequent consumption.
Feeding Trials (Exp. 2). As in Exp. 1. prior exposure to the shrub greatly enhanced consumption. At the first pen trials of Exp. 2, the yearlings of the 60 to 64 wk treatment had never encountered the shrub previously; those of the 4 to 8 and 17 to 21 wk groups, though previously exposed, had not encountered the shrub for 9 mo. Despite this 9-mo abstinence, the 4 to 8 and 17 to 21 wk groups consumed significantly more leaves per sheep than did the naive 60 to 64 wk group. The mean consumption by the 4 to 8 wk group was numerically, though not significantly, larger than that by the 17 to 21 wk group (Table 6) .
Sheep mass per replicate was significant in an analysis of covariance, but the relationship among adjusted means remained the same: previously exposed groups consumed significantly more than the naive group (Table 6) .
Breed of sheep and order that replicates were tested within a day were not significant as concomitant variables.
In the second pen trials of 1986, yearlings recently exposed at 60 to 64 wk of age consumed as much shrub as the sheep exposed in 1985 as lambs. The number of leaves consumed per sheep did not differ significantly among treatments (Table 6 ). Analyses of covariance resulted in no significant concomitant variables.
The number of days that elapsed since the end of exposure to the shrub was an uncontrolled variable in Exp. 2. At the time of the second pen mals, the number of days passed since the 4 wk exposure equalled 399 for the 4 to 8 wk group, 312 for the 17 to 21 wk group, and 11 for the 60 to 64 wk group. Since their exposures, the 4 to 8 and 17 to 21 wk groups had encountered the shrub only during the feeding aials of Exp. 1 and the first pen trials of Exp. 2 (Table 1 
Discussion
Consumption During Exposure
The older and larger sheep tended to defoliate the shrub faster as measured by time to defoliation, percentage of defoliation after 2 d, and browsing while attending the shrub (Tables 1, 2, 3) . Within this trend, the difference in rate of consumption between the 1 to 5 wk and the 4 to 8 wk groups was much greater than the differences between other consecutive age groups, even though the differences in age and size were much greater among the older groups. Therefore, this difference cannot be explained solely as a function of body size. This marked difference in rate of consump tion during exposure between the 1 to 5 wk group and treatments exposed at an older age may have been related to the nonruminant condition and nutritional environment of lambs during the first weeks of life. In a natural system of management, lambs 1 wk old would be completely dependent on milk of the dam. Not until 3 to 4 wk after birth would milk production decrease (Peart et al., 1972; Arnold et al., 1979) . thus forcing lambs to supplement their diet by foraging. Chapple and Lynch (1986) observed that consumption of wheat grain postweaning by lambs exposed with experienced dams at 1 to 2 wk of age was near zero, and that such consumption by lambs exposed at 3 wk, though greater, was still less than that of lambs exposed at older ages. Matthews and Kilgour (1980) reported that lambs on pasture in the presence of their dams mouthed grass on d 2 postpartum and ingested blades of grass by 14 to 18 d of age. Our observations of a gradual increase in percentage of defoliation during the exposure of the 1 to 5 wk group agreed with these reports (Figure 1) ; during the 2nd wk of life, lambs did not browse the shrub; during the 3rd and 4th wk, defoliation gradually increased; during the 5th wk, defoliation was comparable to that observed in older lambs.
In our study, exposure was defined in terms of temporal availability of a shrub. A fresh shrub of approximately standard size was offered every 2nd d during exposure. However, the longevity of an intact, leafy shrub varied greatly, from the entire 2-d period for the 1 to 5 wk group early in their exposure to only a few minutes after replacement for some of the 60 to 64 wk group. Exposure was not defined in terms of the quantity of foliage consumed. The 1 to 5 wk replicates consumed only a few leaves at the beginning of their exposure, whereas the 60 to 64 wk replicates consumed everything 51-cm twigs. Further, the quantity of foliage offered did not vary with the age, size or gut fill of the sheep.
Consumption Subsequent to Exposure
Feeding Trials (Exp. I ) . Lambs exposed as nonruminants and those exposed well after becoming ruminants consistently consumed less shrub than did lambs exposed during the transition. These results suggest that a sensitive period for learning foods may exist during the age of 4 to 8 wk. A sensitive period at that age is biologically reasonable. Milk production by the dam drops from its peak at about 3 wk to two-thirds that value or less by 8 wk postpartum (Gardner and Hogue, 1966; Corbett, 1968; Peart et al., 1972; Arnold et al., 1979) . when the potential of early weaning is near (Arnold et al., 1979) and the digestive system of the lamb is approaching ruminant status (Wardrop and Coombe, 1960; Oh et al., 1972) . The deprivation of milk may enhance learning of forages by lambs (Matthews and Kilgour, 1980) , and the developing ruminant system provides positive consequences for the ingestion of the novel forage. At that age, the lamb should be more attentive to potential forages. Indeed, Hinch et al. (1987) observed that the dam-lamb distance during grazing was smallest when lambs were 5 to 7 wk old; they suggested that during the postruminal development period, 6 wk and older, the close proximity of the lamb to the grazing dam may be important in the lamb's learning of dietary preferences.
Learning of foods may be especially poor during the first weeks of life when lambs are nonruminant and nutritionally dependent on the dam. As in our Exp. 1, Chapple and Lynch (1986) reported very poor dietary learning during wk 1 and 2 of life. They exposed lambs to wheat grain with dams present for 15 min/d on five consecutive days at 1, 2, 3, 4, 5, or 7 wk of age. Lambs exposed at 1 or 2 wk subsequently ate virtually no grain during tests; those exposed at 4, 5 or 7 wk ate about 120 g/(head-d), and those exposed at 3 wk ate an intermediate amount that dlffered from the amount eaten both by the younger and by the older exposed lambs.
Feeding Trials (Exp. 2). Experienced sheep consumed more than did naive sheep, even after 9 mo without encountering the shrub. It is noteworthy that recognition of the shrub as a safe, familiar food persisted so long but it should be expected in a generalist herbivore that grazes ranges where many foods are available only for short periods during a season. Similarly, Green et al. (1984) reported that differences between experienced and naive sheep persisted at least to 3 yr of age after exposure to wheat grain as lambs.
However, our results were not completely consistent with those of Green et al. (1984) . Their naive sheep continued consumption at significantly lower rates even after 2.5 h of repeated .5-h tests; most of our 60 to 64 wk replicates defoliated the shrub during the first 20 min of the exposure period after a preexposure of only 10 min during the first pen aids. Methodological differences may have been important. Green et al. (1984) tested their sheep individually, whereas we tested and exposed ours in replicates of three. Presumably, neophobia, and not lack of palatability, was the major factor effecting lower consump tion by naive sheep in both studies. Sheep (Thorhallsdottir et at., 1987; Thorhallsdoair, 1988; Burritt and Provenza, 1989) , like rats (Barker et al., 1977; Braveman and Bronstein, 1985) , consume only small quantities of novel food until experience has proven them to be safe. The more rapid acceptance of the shrub by our 60 to 64 wk group compared to that of wheat grain by the sheep of Green et al. (1984) may be an example of the effects of social facilitation and social modeling overriding the effect of neophobia in the highly social sheep (Thorhallsdottir, 1988) . Further, the more rapid acceptance of grain by the lambs of Green et al. (1984) exposed at 6 wk age, compared to the control sheep tested when older, likewise may have involved social influences. They exposed their lambs as one large group with experienced dams present; later, they tested their sheep as individuals.
The second pen trials of Exp. 2 resulted in no significant differences in consumption among treatments. In contrast to Exp. 1, the age of exposure to the shrub appeared to have no effect on subsequent consumption. These results cast doubt on the possibility of a sensitive period of learning efficiency between 4 and 8 wk of age and(or) on the persistence of behavior acquired at that age. Chapple et al. (1987b) concluded that weaned lambs at 7 to 8 mo of age learned to eat wheat grain as rapidly as younger, unweaned lambs did.
If the second pen trials did fail to accurately reflect differences in efficiency of learning among treatments, this failure may have resulted from the uncontrolled variable days elapsed since previous exposure. Both the age of exposure and the days elapsed since previous exposure varied at the second pen trials. Persistence of recall may vary with age; Kovalcik and Kovalcik (1 986) observed that proportionately more adult cows than heifers correctly chose the feeder containing food 6 wk after training to criterion on that task.
Although days elapsed since previous exposure did not affect consumption hetween the first and memory pen trials of Exp. 1, then days passed differed only by about 1 mo. Similarly, Lynch et al. (1983) observed that intervals between exposure and testing, which ranged from 1 to 10 wk, had no effect on consumption of wheat grain by previously exposed lambs. However, in Exp. 2 the number of days passed differed by >1 yr.
Comparisons of Exp. 1 and 2. We did not control for the effects of primacy and selection for novelty. Primacy is the enhancement of selection for the first food or foods encountered earlier in life (Capretta et al., 1973) . All groups first encountered pellets at 4 wk of age, but the age of exposure to the shrub differed among groups. Preferential selection for novel foods, in contrast to the more common neophobic response, has been observed in rats (Bronson. 1966), puppies and kittens (Mugford, 1977) maintained on monotonous diets for long periods of time. This phenomenon may have affected the response of all sheep to the shrub during feeding mals and of the 17 to 21 and 60 to 64 wk groups during exposure when they had subsisted on alfalfa pellets exclusively for months.
The 4-wk period of exposure was very long. increased their consumption of saccharin-flavored water relative to plain water for many days before consumption stabilized. However, unlimited exposure is not always sufficient for learning foods. Arnold and Maller (1977) found that differences in diet selected and rate of foraging on native ranges persisted for at least 6 mo between ewes raised on native ranges and ewes introduced from sown pastures. Also, data of Lobato et al. (1980) suggest that lambs older than 9 mo do not readily accept new foods.
The individual variability in consumption in our study was not unusual. Zenchak et al. (1974) observed a greater than two-fold range in rates of ingestion of grain among orphaned lambs. Arnold and Dudzinski (1978) reported a similar phenomenon among sheep on range: great variability in diet existed among individuals within a flock even though selection by individuals was consistent from day to day. Much of the variability in our results may be inherent to the individual or replicate and therefore many not be an effect of differences in the execution of exposure or trials.
Implications
Lambs exposed to a food may learn to consume it more readily at 4 to 8 wk of age than when older or younger. Acceptability persisted as long as 9 mo without intervening exposure. This information is important for those interested in shaping dietary habits of livestock because it will enhance efforts to design diet training procedures that maximize effect with effort 
